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ABSTRACT 
ANNA CATHERINE FRICK: IMP ACT OF NUTRITIONAL STATUS ON RISK OF LOW 
BIRTH WEIGHT AMONG PREGNANT SMOKERS 
(Under the direction of Dr. Anna-Maria Siega-Riz, PhD.) 
This paper examines the hypothesis that the increase in low birth weight observed among infants 
of smokers is at least partially mediated by decreased maternal caloric intake and/or weight gain. 
First, we compare the caloric intake and weight gain of pregnant smokers to nonsmokers. We 
then use multiple models to describe the effects of smoking and maternal weight gain on birth 
weight. Our study suggests that smoking does not significantly affect caloric intake or weight 
gain among pregnant smokers. It also indicates that inadequate weight gain, as defined by the 
Institute of Medicine guidelines, and smoking both increase the risk of SGA. However, there is 
no evidence of interaction between these two risk factors. Thus smoking and weight gain exert 
their effects on birth weight independently. 
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I. INTRODUCTION 
Approximately 13% percent of women smoke during pregnancy despite the associated risks for 
adverse birth outcomes.1 Smoking during pregnancy results in an average 200 g reduction in 
birth weight and accounts for roughly 30% of all low birth weight, making it an important 
modifiable risk factor for low birth weight? This paper examines the hypothesis that the increase 
in low birth weight observed among infants of smokers is at least partially mediated by decreased 
maternal caloric intake and/or weight gain. First, we compare the caloric intake and weight gain 
of pregnant smokers to nonsmokers. We then use multiple models to describe the effects of 
smoking and maternal weight gain on birth weight. 
12.1% of infants born to smokers have a low birth weight, a risk that is 60% higher than that of 
nonsmokers. 1 Low birth weight is defined as a weight under 2500g at birth and is a strong 
predictor of infant morbidity and mortality. While it has been argued that low birth weight is not 
an independent risk factor for infant mortality and thus should not be studied as such, this theory 
does not address the impact oflow birth weight on morbidity. 3 In fact, low birth weight babies 
have a risk of neurodevelopmental handicap that is three times that of their normal weight 
counterparts and twice the risk of serious congenital anomaly. 4 They are also at increased risk of 
respiratory tract conditions and serious, prolonged illness. 
The specific mechanism by which smoking reduces birth weight is unclear. One theory is that 
hypoxia reduces fetal growth. Some research evidence suggests that nicotine mediated reduction 
ofuteroplacental blood flow5 or elevated carboxyhemoglobin in the fetal circulation' could 
contribute to growth retardation and a subsequent reduction of birth weight. Another theory is 
that the relationship is at least partially mediated by the nutritional status of the mother. It is 
postulated that smoking depresses maternal caloric intake and weight gain, which then alters the 
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nutritional environment of the fetus and results in low birth weight. Multiple studies have 
examined this issue and have yielded mixed results. Some studies show smoking is associated 
with decreased weight gain7'8'9 while others show no effect or even an increase in weight 
gain. 10·1!·12 These studies draw varied conclusions regarding the effects of caloric intake and 
maternal weight gain on smokers' risk of delivering a low birth weight infant. 
In 1974, Rush performed regression analysis on data from 162 black women. He found that 
smokers had lower weekly weight gains (p<.O I) and that three quarters of the effect of smoking 
on birth weight was jointly shared with decreased maternal weight gain. He postulated that 
smokers' lower weight gain was secondary to decreased caloric intake. 7 Four years later, Meyer 
used Ontario Perinatal Mortality Study data with 31,788 subjects and found that there was no 
statistically significant difference in weight gain between smokers and nonsmokers. 10 She 
concluded that the increase in risk of! ow birth weight among smokers is thus not nutritionally 
mediated. In the early 1980's, Rantakallio eta!. found that among 1165 subjects, there was no 
statistically significant effect of smoking on maternal weight gain and that smoking's effect on 
birth weight was independent of weight gain. 11 The following year, Papoz et a! published a study 
demonstrating increased caloric intake and weight gain among smokers. 12 There was an 
insignificant decrease in birth weight among smokers in the study, leading the authors to 
conclude that increased caloric intake and weight gain decrease the risk oflow birth weight 
among smokers. 
In the late 1990's a series of papers readdressed the topic. Muscati eta!. found smoking was 
associated with both increased caloric intake and decreased weight gain8 Caloric intake was only 
weakly associated with birth weight (5.9g increase in birth weight per 100 kcal/day consumed). 
The authors concluded that the negative effect of smoking on birth weight cannot be diminished 
by a reasonable increase in energy intake. Groff et a!. also found that smokers have decreased 
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weight gain. 9 However, there was no statistically significant interaction between smoking and 
weight gain in regression analysis thus leading the authors to conclude that smoking affects birth 
weight through other mechanisms. Hellerstedt et a!. found that among normal weight women, 
smokers gained less than nonsmokers. 13 However, among obese women there was no significant 
difference in weight gain between smokers and nonsmokers. The study showed that level of 
weight gain did not significantly weaken the effects of smoking on birth weight. Finally, in 2000, 
Lam! found that within each category of weight gain, infants of smokers weighed less than 
nonsmokers; 14 once again demonstrating that additional weight gain cannot completely eliminate 
the effects of smoking. 
Given the conflicting body of research literature, it is not yet clear if smokers have significantly 
different caloric intake or weight gain patterns than nonsmokers, and if so, whether these 
differences contribute to smokers' widely reported increased risk for low birth weight. Thus our 
study examines the relationship between smoking during pregnancy and maternal caloric intake 
and weight gain, and then separately we model the effects of smoking and maternal weight gain 
on birth weight. 
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II. SUBJECTS AND DATA COLLECTION 
The study uses data collected for the Pregnaucy, Infection and Nutrition Study (PIN). The PIN 
study recruits women at prenatal care clinics affiliated with University ofNorth Carolina 
Hospitals, Wake County Human Services aud the Wake Area Health Education Center ofNorth 
Carolina. Women were recruited at 24-29 weeks' gestation to participate in a prospective cohort 
study. Subjects were selected who were over 16 years of age, had singleton pregnancies, could 
speak English, had access to a telephone and who planned to continue care and deliver at one of 
the study sites. Nutrition data were collected using a questionnaire at enrollment that assesses 
intake for the entire second trimester of pregnancy, while weight gain data was abstracted from 
medical charts. Information including the subject's smoking history was collected via telephone 
interviews conducted 2 weeks after enrollment. The analysis uses data reflecting subject's 
smoking habits during the first 6 months of pregnancy alone, as analysis of a random sample 
interviewed after delivery revealed that smoking habits changed insignificautly between the 
initial interview and delivery. 15 
The recruitment period reflected in this aualysis is from August 1995 to June 2000. During this 
time, 5194 women were determined to be eligible and 3164 ( 60%) were successfully recruited 
into the cohort study. Slightly more white than black women were recruited into the PIN study in 
comparison to the women who refuse to participate in the study. More notable differences were 
found comparing the different study sites, with the health department clinics having a greater 
proportion of refusals and more women who could not be contacted than the teaching hospital. 
The study had somewhat greater success recruiting highly educated(> 16 years of education) and 
older (>35 years) women. The risk of preterm birth was similar among the successfully recruited 
women compared to those who refused16 The methods of this study were in accordance with the 
4 
ethical standards of the Institutional Review Board of the University of North Carolina School of 
Medicine. 
Our stndy subjects were selected out of the 3164 subject cohort based upon the availability of 
abstracted weight gain and health information. Upon comparing characteristics of our subset of 
patients with the entire database of PIN subjects, our subjects had on average higher income (3 
times versus 2 times the federal poverty level) and education (14 versus 13 years), and a higher 
proportion were Caucasian than the entire PIN cohort. 
In this stndy, small for gestational age (SGA) is used as a proxy for low birth weight. It is 
defined as birth weight that is below the I o"' percentile for gestational age and gender. 17 SGA 
babies have increased morbidity compared to their average for gestational age counterparts, 
including increased risk of cesarean delivery, NICU admission, respiratory distress, 
hypoglycemia, thrombocytopenia and hyperbilirubinemia.'' In the PIN cohort, gestational age 
was estimated based on an algorithm combining LMP and ultrasound dating. If the two dates 
agreed within 14 days, LMP was used as the date of conception. However, if they differed by 
greater than 14 days, the date derived from ultrasound was used. If no LMP was available, 
ultrasound dating was used. 
Smoking statns is based on self-reports and defined as a dichotomous variable indicating the 
presence or absence of smoking in the first 6 months of pregnancy. Self-reports were validated 
by examining the urinary cotinine of a random sample of both smokers and nonsmokers, as 
reported elsewhere." Dietary data were collected at the initial recruitment visit using the National 
Cancer Institute-Block food frequency questionnaire which has been validated in multiple 
populations including our own stndy population."· 20' 21 The questionnaire was used to generate 
an estimate of the number of calories consumed per day during the second trimester. Total 
5 
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weight gain data was collected using chart abstraction and is evaluated as a continuous and 
categorical variable. The continuous variable, adequacy of weight gain, is the ratio of a subject's 
weight gain to that reconnnended by the fustitute ofMedicine (IOM) given the subject's 
pre gravid weight and length of time that the weight gain represented. 22 The categorical variable, 
level of weight gain, identifies subjects as having inadequate, adequate or excessive weight gain 
according to the IOM reconnnendations. 
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ill. STATISTICAL ANALYSIS 
In order to examine the relationships between smoking, maternal caloric intake and the risk of 
delivering an SGA infant, we developed numerous etiologic models. Etiologic models examine 
the specific relationship between an exposure and outcome while controlling for true confounding 
and describing any effect modification that may occur. Confounders are included in the fmal 
model if they meet the criteria for confounding (moderately associated with the exposure p=<.2) 
and change the beta coefficient ;:>10. This is in contrast to a traditional predictive model, which 
employs factors which may or may not have a plausible etiologic connection to the outcome in 
order to create a model which will most accurately predict the outcome. 
First we assessed the relationship of caloric intake and smoking using a multiple linear regression 
model, with caloric intake as the outcome. We then used weight gain as a proxy for caloric intake 
and built two additional models using either adequacy of weight gain or level of weight gain as 
the outcome. A logistic regression model of SGA was employed to study the contributions of 
smoking and weight gain to risk of SGA. Finally, we created a linear regression model for birth 
weight, which quantified the contributions of weight gain and smoking status to actual birth 
weight. In comparing characteristics of smokers and nonsmokers (Table 1 ), we used Student's t 
tests for continuous variables, and chi square tests and tests of proportions for categorical 
variables. The analyses were conducted using STAT A software (version 8.1, Stata Corporation, 
College Station, TX). 
For the caloric intake regression model, plausible confounders evaluated include income as a 
percent of the federal poverty level, years of education, white versus nonwhite race, age, body 
mass index (BMl), height, prepregnancy weight, general health status, marital status, physical 
activity level and number of previous pregnancies. Income, education and race proved to be true 
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confounders and thus were retained in the final model. One concern regarding the energy intake 
model is that total energy consumption is inherently difficult to measure and each person's energy 
needs are highly individualized. Thus we created another model using adequacy of weight gain 
as an indicator of the mother's net energy balance. Potential confounders examined were the 
same as described for the energy intake model and only income and years of education were kept 
in the final model. 
ln order to evaluate the contribution of smoking and adequacy of weight gain to the risk of SGA, 
we developed a model with SGA as the outcome of interest. Only income met our criteria for 
confounding in this model. However, prepregnancy BMI was also included because it produced 
confounding in another study published using much of the same data (Savitz et al.).15 We also 
examined the influence oflevel of weight gain on SGA risk. Finally, we created dummy 
variables representing both smoking status and level of weight gain and examined the combined 
effects of these two factors on risk of SGA. Nonsmokers with adequate weight gain were 
considered the referent category in this model. ln order to assess the effect modification of 
weight gain on the relationship between smoking and SGA, interaction terms for level of weight 
gain and smoking status were included in the model. 
Finally, in order to better quantify the relationship between smoking, level of weight gain and 
birth weight, we created a linear regression model for birth weight that controlled for gestational 
age. The quadratic and cubic variables of gestational age were also included in the model to 
better estimate birth weight. None of the potential study variables met the criteria for 
confounding in this model. 
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IV. RESULTS 
Table 1 compares the characteristics of smokers versus nonsmokers in our sample. Twenty-one 
percent of subjects smoked during the first 6 months of pregnancy (n=216). A greater proportion 
of whites than nonwhites were smokers. Smokers also had a significantly lower income, fewer 
years of education and were younger than nonsmokers. In addition, they were more often single, 
and had a higher average BMI and rate of obesity prior to pregnancy. During pregnancy, smokers 
exceeded IOM weight gain recommendations more than nonsmokers. For example, 69.9% of 
smokers had excessive weight gain, compared with 60.3% of nonsmokers. Smokers also had 
higher caloric intake, with an average consumption of2910 kcals/day, compared with 
nonsmokers' 2532 kcals/day. Finally, the rate ofSGA was 12.1% among smokers and 6.8% 
among nonsmokers. 
Analysis of smoking behavior (Table 2) revealed that smokers smoked an average of 9. 7 
cigarettes/day. Among smokers, 55% smoked 1-9 cigarettes/day, while 31% smoked 10-19, and 
14% smoked greater than 20 cigarettes/day. Thirty-seven women (3.3% of subjects) quit 
smoking in the month prior to pregnancy. Analysis of the distribution oflevel of weight gain by 
smoking status revealed that 47.3% of subjects were nonsmokers with excessive weight gain, 
while 151 (15.1%) subjects were smokers with excessive weight gain. 13.7% of subjects were 
nonsmokers with inadequate weight gain, while 33 (3.3%) subjects were smokers with inadequate 
weight gain. 
The model for energy intake (Table 3) indicates that, on average, smokers consumed 156 calories 
per day more than nonsmokers. However, this was not statistically significant when controlling 










Nonsmokers Smokers p 
(n:o784) (n~216) 
SES & DEMOGRAPIDC FACTORS 
Nonwhite race (%) 42.6 32.9 X" 6.66, p 0.01 * 
Black race(%) 38.3 29.6 X" 5.21, p 0.02 * 
% 1996 Fed poverty level 339.2 157.3 0.00 
Years of education 14.6 12.1 0.00 
Age 27.8 25.3 0.00 
Marital status (%) 0.00 
Single 31.6 47.7 0.00 
Married 68.4 52.3 
REPRODUCTIVE HISTORY 
Nulliparous(%) I 29.7 I 24.5 I o.l4 
Prior h/o LBW (%) 8.8 I 7.1 I o.55 
BODY WEIGHT 
BMI 25.2 26.1 0.03 
Prepregpancy weight category(%) X' 10.60, p 0.01 * 
uoderweight 16.3 17.6 0.32 
normal 50.6 40.3 0.00 
overweight 11.2 10.7 0.41 
obese 21.8 31.5 0.00 
WEIGHT GAIN 
Weight gain (lbs) 14.7 15.3 0.18 
Adequacy of weight gain 1.4 1.6 O.ot 
(Ratio of actual gain to IOM 
recommended weight gain) 
Level of weight gain (%) X' 7.45, p 0.02 * 
Inadequate 17.5 15.3 0.22 
Adequate 22.2 14.8 
Excessive 60.3 69.9 0.01 
DIET 
Energy Intake (kcals) I 2532.0 2910.8 0.00 i 
BIRTH OUTCOME 
SGA(%) I 6.8 12.1 0.01 





Smoked during months 1-6 (%) 216 (21.6) 
Quit smoking in month prior to pregnancy(%) 37 (3.7) 
Average # cigarettes per day ( n-216) 9.7 (+/-7.9) 
Daily# of cigarettes (n-1 000) 
0 784 
1-9 (%of smokers) 118 (54.6) 
10-19 (%of smokers) 68 (31.5) 
20 (%of smokers) 30 (13.9) 
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TABLE3 
ENERGY INTAKE LINEAR REGRESSION MODEL 
Beta p value 95%CI 
Smoldng 156.8 0.147 -55.0, 368.5 
% 1996 Federal poverty level -0.9 0.00 -1.3, -0.4 
Years of education -43.6 0.02 -80.2, -6.3 
Nonwhite race 439.0 0.00 260.7, 617.4 
Constant 3265.4 0.00 2779.9,3751.0 
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The model for adequacy of weight gain expressed as a continuous variable (Table 4) indicates 
that smoking is associated with 11% greater weight gain in relation to the amount of gain 
recommend by the Institute of Medicine. However, when controlling for education and income, 
this association becomes statistically insignificant. Thus it appears that smokers have equivalent 
weight gain in relation to recommended levels based on prepregnancy BMI. The model of level 
of weight gain (Table 5) confirms this relationship. This model indicates that smokers are 13% 
less likely to have inadequate compared to adequate weight gain and are 35% more likely to have 
excessive compared to adequate weight gain. However, these effect estimates are also 
statistically insignificant when controlling for income and education. 
Our initial etiologic models for SGA (Tables 6 and 7) reveal that smoking and inadequate weight 
gain increase the risk of SGA, while more adequate weight gain decreases SGA risk. The final 
SGA model, which controls for prepregnancy BMI category and income level, evaluates the risk 
of SGA for different combinations of smoking status and level of weight gain. The model 
produces an odds ratio of7.0 (p=.OO, 95% CI 2.1, 23.5) for SGA for smokers with inadequate 
weight gain. Although none of the model's other results have statistically significant p values, 
the effect estimates do align with the expected findings that insufficient weight gain and smoking 
status increase the risk of delivering an SGA infant. For example, in table 8, nonsmokers with 
excessive weight gain have a lower risk ofSGA (AOR=0.7) than the referent, nonsmokers with 
adequate gain (AOR=l.O). Smokers with excessive weight gain have increased risk of SGA, as 
do nonsmokers with inadequate weight gain and smokers with adequate weight gain. Smokers 
with inadequate weight gain are clearly at the highest risk of SGA. Thus both increased weight 
gain and stopping smoking can mediate the risk of SGA among these mothers. 
In order to test the strength of the SGA model, we also controlled for socioeconomic and 
reproductive history variables that were not true confounders, but that were distributed unequally 
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TABLE4 
ADEQUACY OF WEIGHT GAIN LINEAR REGRESSION MODEL 
Beta p value 95%CI 
Smoking 0.11 0.18 -0.05, 0.27 
% 1996 Federal poverty level -0.00 0.34 -0.00, 0.00 
Years of education -0.01 0.40 -0.04,0 .02 
Constaut 1.67 0.00 1.3, 2.02 
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TABLES 
LEVEL OF WEIGHT GAIN MODEL 
RR (+I- SE) p value 95%0 
For inadequate compared to adequate f!ain: 
Smoking 0.87 0.63 0.48, 1.56 
Years of education 0.98 0.75 0.89, 1.09 
% 1996 Federal 1.00 0.00 1.0, 1.0 
poverty level 
For excessive compared to adequate f!ain: 
Smoking 1.35 0.21 0.84-2.16 
Years of education 0.99 0.76 0.92-1.07 




SGA MODEL WITH ADEQUACY OF WEIGHT GAIN 
AS CONTINUOUS EXPOSURE VARIABLE 
OR ( +/- SE) p value 95% CI 
Smoking 2.4 0.01 1.2, 4.6 
Adequacy of weight gain 0.7 0.02 0.5, 0.9 
Prepregnaucy BMI 0.9 0.4 0.6, 1.2 
Income 1.0 0.11 1.0,1.0 
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TABLE7 
SGA MODEL WITH LEVEL OF WEIGHT GAIN 
AS CATEGORICAL EXPOSURE VARIABLE 
OR ( +/- SE) p value 95% CI 
Smoking 2.5 0.00 1.4. 4.8 
Inadequate weight gain 2.0 0.08 0.9, 4.3 
Excessive weight gain 0.6 0.2 0.3, 1.2 
Prepregnancy BMI 0.8 0.1 0.6, 1.1 
Income 1.0 0.08 1.0,1.0 
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TABLES 
RISK OF SGA BY SMOKING STATUS AND WEIGHT GAIN CATEGORY 
** If t< BMI t contro mg or prepregnancy ca egory, mcome 
OR ( +/- SE) p value 95% CI 
Nonsmoker 0.7 0.33 0.3, 1.5 
Excessive weight gain 
Nonsmoker 1.0 
Adequate weight gain 
Smoker 1.4 0.50 0.5, 3.7 
Excessive weight gain 
Nonsmoker 1.8 0.21 0.7,4.3 
Inadequate weight gain 
Smoker 2.5 0.16 0.7, 8.7 
Adequate weight gain 
Smoker 7.0 0.00 2.1, 23.5 
Inadequate weight gain 
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among the dummy variables for level of weight gain and smoking status (Table 9). This included 
marital status, race and parity. When controlling for these variables, the same pattern of results 
appears, with nonsmokers with excessive weight gain having the lowest risk of SGA (AOR=.62, 
95% CI=0.27, 1.4) and smokers with inadequate weight gain having the highest risk of SGA 
(AOR 5.5, 95% CI 1.6, 19.1). We also reran the model, dropping subjects with complications of 
pregnancy to test the hypothesis that the risk among smokers with inadequate weight gain was not 
just indicative of prenatal complications (Table 10). These included pregnancy induced 
hypertension (n=39), eclampsia or preclampsia (n=62), and gestational diabetes (n=70). The final 
model's n was decreased to 848 subjects, versus the original!OOO, thus making our results less 
precise. However, the same pattern of SGA risk estimates emerged. Nonsmokers with excessive 
weight gain again had the lowest risk (AOR 0.4, 95% CI=0.2, 1.0) and smokers with inadequate 
weight gain had the highest (AOR 9 .2, 95% CI=2.5, 34.1 ). 
There was no evidence of interaction between smoking status and level of weight gain after 
creating an interaction term (p=0.8). In addition, t-test adjusted for multiple comparisons 
revealed that the number of cigarettes consumed did not vary significantly among the dummies 
for level of weight gain and smoking status (p=.39). Thus insufficient weight gain clearly 
contributes independently to the increased risk of SGA among smoking women with inadequate 
weight gain. 
The birth weight model (Table 11) quantifies the direct relationship of birth weight with smoking 
and level of weight gain. The effect of weight gain is evident in examining the results for 
nonsmokers. Excessive weight gain in nonsmokers increases birth weight by 130g (p=.OO, CI 48, 
212), whereas inadequate weight gain appears to diminish birth weight by 98g (p=0.07, 95% CI= 
-204,8). The effect of inadequate maternal weight gain on birth weight is augmented in smokers, 
who have infants weighing 286g below the sample mean (p=O.OO, 95% CI= -466, -107). 
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TABLE9 
RISK OF SGA BY SMOKING STATUS AND WEIGHT GAIN CATEGORY 
** lli ~ BMI rity contro ng or prepregnancy category, mcome, race,_ pa 
OR(+/- SE) p value 95%CI 
Nonsmoker 0.7 0.30 0.3, 1.4 
Excessive weight gain 
Nonsmoker 1.0 
Adequate weight gain 
Smoker 1.2 0.70 0.5, 3.3 
Excessive weight gain 
Nonsmoker 1.8 0.20 0.7, 4.4 
Inadequate weight gain 
Smoker 2.2 0.21 0.6, 8.0 
Adequate weight gain 
Smoker 6.4 0.00 1.9, 22.1 
Inadequate weight gain 
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TABLE 10 
RISK OF SGA BY SMOKING STATUS AND WEIGHT GAIN CATEGORY 
**subjects with pregnancy complications dropped; controlled for prepregnancy 
BMI category, mcome 
OR(+/- SE) P value 95% CI 
Nonsmoker 0.4 0.06 0.2, 1.0 
Excessive weight gain 
Nonsmoker 1.0 
Adequate weight gain 
Smoker 1.3 0.68 0.4, 3.6 
Excessive weight gain 
Nonsmoker 1.5 0.40 0.6, 4.1 
Inadequate weight gain 
Smoker 1.3 0.75 0.3, 6.6 
Adequate weight gain 
Smoker 9.2 0.00 2.5, 34.1 
Inadequate weight gain 
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TABLEll 
IMPACT OF SMOKING AND WEIGHT GAIN STATUS ON BIRTH WEIGHT (g) 
C II d ~ t t• I d th · I b · d quadratic term outro e or ges a 10na age an e gestat10na age cu IC an 
Beta coefficient p value 95% CI 
Nonsmoker 130 0.00 48,212 
Excessive weight gain 
Smoker 77 0.14 -25, 180 
Excessive weight gain 
Nonsmoker -98 0.07 -204, 8 
Inadequate weight gain 
Smoker -107 0.23 -284, 69 
Adequate weight gain 
Smoker -286 0.00 -466, -107 
Inadequate weight gain 
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V. DISCUSSION 
Our study suggests that smoking does not significantly affect caloric intake or weight gain among 
pregnant smokers. It also indicates that inadequate weight gain, as defined by the Institute of 
Medicine guidelines, and smoking both increase the risk of SGA. However, there is no evidence 
of interaction between these two risk factors. Thus smoking and weight gain exert their effects 
on birth weight independently. 
Few previous studies on pregnant women have had adequate nutritional data to compare the 
caloric intake of smokers and nonsmokers. In 1996, Shiam Muscati published findings that 
pregnant smokers had higher energy intake ( + 168 kcallday) than their nonsmoking counterparts. 8 
However, she did not control for any other socioeconomic or demographic differences among her 
1330 subjects. Another study by Papoz in 1982 also found that smokers had higher caloric intake 
than nonsmokers, although the analysis did not control for any confounders among the 534 
subjects. 12 In our data, controlling for income, education and race eliminated the initially 
observed disparity in caloric intake between smokers and nonsmokers. 
Our maternal weight gain results are consistent with Meyer's study published in 1978, which 
found no difference in weight gain between 13,686 nonsmokers and 14,304 smokers. Despite the 
large sample size, the author's data is not entirely reliable given that the only confounder he 
addresses is gestational age. However, our findings are in contrast to studies by Lam! and Papoz, 
which found smokers have increased weight gain. While Lam!' s study is based on a sample size 
of over I 0,000 subjects, both he and Papoz do not assess confounders in their data. In the 
previously mentioned article by Muscati, she found smokers had significantly less weight gain 
(2.2 kg) than nonsmokers, but again failed to assess socioeconomic and demographic confounders 
23 
such as race, education, income and age. In 1972, Rush's study found smokers had lower mean 
weekly weight gain (0.16lbs less) than nonsmokers, but used a sample with only 62 smokers. 
Although our sample size was not large enough to detect statistically significant odds ratios for 
SGA risk for each category of smoking and level of weight gain, the data reveals a synergistic 
effect of smoking and weight gain on birth weight. Given the results of our first two SGA 
models, both smoking and weight gain affect SGA risk. In our data, smoking more than doubles 
one's risk of delivering an SGA baby, while inadequate weight gain has a similar effect. Table 6 
suggests that excessive weight gain reduces SGA risk by 40%, although this value is not 
statistically significant. 
Data from the SGA models is supported by the pattern of results in Tables 8-10, which reveal 
nonsmokers with excessive weight gain have the lowest risk of SGA. When subjects were 
dropped who suffered complications of pregnancy, the model shows a 60% reduction in SGA risk 
among nonsmokers with excessive weight gain. In each of the models, smokers with inadequate 
weight gain have the highest risk of SGA (OR 6.4-9.2, p=O.OO). Although the data in these 
models is not all statistically significant, each model suggests that excessive weight gain may 
partially mediate the birth weight lowering effect of smoking. 
The study's strengths include the size and racial diversity of the sample, integration of the 
Institute of Medicine's guidelines for weight gain during pregnancy, and good data on 
confounders of weight gain and birth weight. It also uses recently collected data and good 
nutritional data. However, energy intake is inherently difficult to measure and there is inevitably 
error introduced via the nutritional data analysis. Other limitations of the study include self-
reported smoking data and errors in measuring gestational age. While there is social pressure to 
deny smoking, urine cotinine validation studies of a random sample indicated that our smoking 
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data does not have a large margin of error. Gestational age dating errors would occur randomly 
and thus should not affect our analysis significantly. 
From our data, it is evident that both smoking and maternal weight gain have an independent 
effect and together have a synergistic effect on birth weight. This is consistent with findings of 
multiple previous investigators including Groff and Laml, but is in contrast to earlier studies by 
Rush and Papoz. While all women should be advised and counseled to quit smoking during 
pregnancy, it is inevitable that many will persist despite the associated risks. Given our study 
findings, it is of utmost importance that women who continue to smoke throughout pregnancy 
also gain an adequate level of weight to minimize their increased risk of delivering an SGA 
infant. However, our data suggest that adequate or even excessive weight gain cannot completely 
eliminate a smoker's elevated risk of SGA. One must also consider that excessive weight gain 
increases risk ofLGA, postpartum weight retention and additional complications of pregnancy. 
Thus our findings primarily emphasize the importance of adequate weight gain among pregnant 
women who refuse to quit smoking in order to mitigate the risk of delivering an SGA infant. 
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